International Atomic Energy Agency

Certified Reference Material
CERTIFICATE

|IAEA-414

RADIONUCLIDES IN MIXED FISH FROM THE IRISH SEA AND THE
NORTH SEA

Certified values for massic activity
(based on dry mass)

N Certified value Expanded .
Radionuclide 9 ucertainty® Half-life [1]
[Ba kg~] Bq ko]
40K 480 22 1.2504(30)x10° years
187Cs 3.09 0.07 30.018(22) years
232Th 0.0290 0.0022 14.02(6)x10° years
234 1.22 0.06 2.455(6)x10° years
235 0.0500 0.0042 704(1)x10° years
28y 1.11 0.07 4.468(5)x10° years
Z8py 0.019 0.002 87.74(3) years
239+240py 0.120 0.005 -
241 Am® 0.231 0.025 432.6(6) years

(a) The uncertainty is expressed as an expanded uncertainty using a
coverage factor k = 2

(b) Americium-241 values should be corrected for ingrowth from
Plutonium-241
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Information values for massic activity

(based on dry mass)

Expanded
Radionuclide Information value uncertainty®@ Half-life [1]
[Bg kg [Bg kg
ogy 0.165 0.087 28.80(7) years
®Tc 6.52 0.93 211.5(11)x103 years
129 0.0090 0.0019 16.1(7)x10° years
210ppy(b) 1.76 0.28 22.23(12) years
210po(© 1.79 0.29 138.3763(17) days
226R4(@) 1.39 0.35 1.600(7)x10° years
230Th 0.046 0.011 7.538(30)x10* years
2%py 0.0723 0.0085 24.100(11)x10° years
240pyy 0.0543 0.0085 6.561(7)x10° years
241py 0.82 0.42 14.33(4) years

(a) The uncertainty is expressed as an expanded uncertainty using a
coverage factor k = 2.

(b) Polonium-210 is in secular equilibrium with 2*°Pb.

(c) Lead-210 values should be corrected for ingrowth from 23°Th and
226Ra.

(d) Radium-226 values should be corrected for ingrowth from Z°Th.

Information values for isotopic ratios

(based on dry mass)

Expanded
Radionuclide Information value uncertainty®
[Bg kg] [Bg kg]
234U/ (24U +235U+238Y) ) 0.000059 0.000006
285(J /(234U +235J +238J)®) 0.00695 0.00080
2881 /(234U+235J +238J)®) 0.993 0.100
240pyy/239py (®) 2.75 0.54
238py)[239+240p(©) 0.161 0.011
240py/239py© 0.75 0.15
241p (238 +2391240p ) (©) 5.92 0.30

(a) The uncertainty is expressed as an expanded uncertainty using a
coverage factor k = 2.

(b) Mass ratio.
(c) Activity ratio.
Reference date for all specified radionuclide decay corrections: 01 January 2019
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Origin and preparation of the material

A sample of about 350 kg of mixed fish species was collected in the eastern Irish Sea by the
Center for Environment, Fisheries and Aquaculture Science (CEFAS), Lowestoft, UK, in 1996.
The skin was removed, the fish filleted, freeze-dried and subsequently sent to IAEA-MEL for
processing. The sample, which was reduced by freeze-drying to about 69 kg, was ground to
powder, passed through a 0.5 mm sieve and homogenized by mixing in a nitrogen
atmosphere. The sample was freeze-dried once more, ground and passed through a 250 pm
sieve, with a final amount of 10 kg obtained. The sample was then mixed with 100 kg of North
Sea fish powder (also passed through a 250 pym sieve). To ensure homaogenization of the final
sample, both samples were mixed by jet pulverizing in a nitrogen atmosphere. The samples
were packed into bottles under nitrogen gas, sealed with polyethylene caps and labeled with
the code IAEA-414. The bottles containing 100 g of fish powder each were sterilized by
gamma-ray irradiation with a total dose of 25 kGy using a ®°Co source according to ISO 11137-
2:2013 [2] to ensure long-term stability of the material by inhibiting microbial action.

Homogeneity of the material

Sample homogeneity was checked by measuring the activity of 4°K, ¥’Cs, 21%Po, #°U, 2%8py,
239+240py  and *Am of 16-30 bottles randomly chosen. Gamma-ray spectrometry
measurements were performed on 30 to 100 g aliquots. Massic activities of 21°Po, 235U, 238U,
238py, 239+240py and 2!Am were determined by a-particle spectrometry on 0.1 to 20 g aliquots.
The homogeneity was checked using one-way analysis of variance (ANOVA). The coefficient
of variation was below 10% for radionuclides measured by both gamma-ray spectrometry and
alpha-particle spectrometry. The between-samples variances showed no significant
differences from the within-sample variances for all radionuclides tested.

Characterization study

The IAEA-414 certified reference material (CRM) was characterized in an international
interlaboratory comparison (ILC) organized between 2000 and 2001. The data received from
90 laboratories were evaluated. Laboratories were requested to determine as many natural
and anthropogenic radionuclides as possible by the analytical method of their choice. The
following methods were used: gamma-ray spectrometry, low background gamma-ray
spectrometry, alpha-particle spectrometry, beta-particle counting and mass spectrometry.

Stability

The short-term stability of the material was evaluated based on the results of a study
conducted for IAEA-482 CRM, in line with ISO 33405 [3,4]. These results demonstrate that a
material of similar matrix, containing similar set of radionuclides is stable under expected
transport conditions.

The long-term stability was also assessed based on a study conducted for IAEA-482 CRM.
The certified values are expected to be stable during the validity period of this certificate (as
indicated below), assuming the CRM is stored as described in the handling and storage
section.

Performed long-term stability monitoring showed no significant changes to the assigned
values of this material during 5 years of storage.

Neither the harsh conditions during transportation, nor the long-term storage shows any
significant effect to the assigned values and associated uncertainties.
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Assignment of values — Certification procedure

Each assigned value was calculated from the accepted data set as a weighted mean; each
acceptable data set consisted of results obtained by different laboratories and/or using a
different method of determination, following ISO 33405 [4].

No changes to the assigned values have been made (other than correction for radioactive
decay and ingrowth to the given reference date); the stated uncertainties have been
recalculated. The details concerning all reported results as well as the criteria for certification
have been published separately [5, 6]. All other documents are available upon request.

The Reference Materials (RM) Certification Committee accepted these assigned values as
certified, or information values as presented in this certificate.

The criteria for certification and details on value assignment can be found in the certification
report [5]. The report may be downloaded from:

https://analytical-reference-materials.iaea.org/radionuclides

Statement on metrological traceability and uncertainty of assigned values

The property values assigned to the IAEA-414 CRM were calculated as massic activities,
expressed in the derived Sl unit Bq kg™.

Evidence of metrological traceability to the Sl units was provided for all results considered for
the calculation of the assigned values.

The related references of metrological traceability are presented in the certification report of
IAEA-414 [5].

The measurement uncertainty associated with the assigned values is expressed as an
expanded uncertainty using a coverage factor k = 2 estimated in accordance with JCGM
100:2008 [7] and ISO 33405:2024 [4].

Intended use

This certified reference material is intended to be used for quality assurance and quality control
purposes and is suitable for method development and validation of analytical procedures.
IAEA-414 is not to be used for calibration.

Instructions for use

The IAEA-414 CRM is supplied in 100 g units. The minimum sample mass laboratories should
take when using the IAEA-414 is 0.1 g for alpha-patrticle spectrometry, and 30 g for gamma-
ray spectrometry, depending on the radionuclide analyzed.

To overcome segregation effects due to storage or transportation, the material should be
mixed before opening the bottle. All necessary precautions should be taken when opening the
bottle to prevent any spread of the fine powder in the laboratory.

The IAEA does not guarantee the stability of the material for repeated sampling from the same
RM unit, nor the stability of the material after opening and transfer to new containers.

Dry mass determination

The average moisture content of the material was determined by drying several test portions
of 1 g in an oven at 85 °C for 1-2 days to constant mass and was found to be 7.4 %. Since
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the dry mass content can vary with ambient humidity and temperature, it is recommended to
determine it prior to analysis and to report all results on a dry mass basis.

Handling and storage

The original unopened bottle should be stored securely at ambient temperature in a dark and
dry place. It is recommended to avoid direct exposure to sunlight or to a source of heat. The
material should be handled by experienced persons and is for laboratory purposes only. Any
remaining material in the opened bottle should be stored in the same conditions, however the
stability of the material cannot be guaranteed after initial use.

Issue and expiry date

The issue date of this CRM is December 2024. The revision number and issue date of this
certificate are provided in the footer of this document. Based on experience with similar
materials, the validity of this certificate expires in December 2029. The IAEA is monitoring the
long-term stability of the material and customers will be informed in case of any observed
change.

Legal disclaimer

The IAEA shall under no circumstances be liable for any loss, damage, liability or expense
incurred or suffered that is claimed to have resulted from the use of information contained in
this Reference Material Certificate.

Citation of this certificate

It is suggested to cite this certificate according to the following example, as appropriate to the
citation format used: INTERNATIONAL ATOMIC ENERGY AGENCY, Certified Reference
Material Certificate IAEA-414, IAEA, Vienna. (The latest version published applies, see “Note”
below).

Note

Certified values as stated in this certificate may be updated if more information becomes
available. Users of this material should ensure that the certificate in their possession is current.
The current version is available on the IAEA’s Reference Products website:

https://analytical-reference-materials.iaea.org/radionuclides

Further information

For further information regarding this material, please contact the producer:

Radiometrics Laboratory

IAEA Marine Environment Laboratories
Department of Nuclear Sciences and Applications
International Atomic Energy Agency

4, Quai Antoine ler

98000 Monaco

Tel.: 0037797977272

E-mail: NAML-RML.Contact-Point@iaea.org
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Revision information

Rev. 05 (2024-12-01) New certificate template was applied. Half-lives of the radionuclides
were added. References to ISO standards were updated. Information on stability was added,
including long-term stability monitoring and minor editorial changes were introduced.

Katarzyna Sobiech-Matura Federica Camin
Project Officer, Chair,
Radiometrics Laboratory RM Certification Committee

The project officer is responsible for the content of this certificate.
The Chair of the RM Certification Committee approves this certificate and authorizes its
release on behalf of the Committee.
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